Abstract: This study was carried out to investigate the Cochlodinium polykrikoides fluctuations in the north of Oman Sea during preand post-monsoon season in 2008. The study area was divided into 10 transects (T1-T10) from the Strait of Hormuz (T1) to Gwadar (T10) which cover the whole of the Iranian waters in the Oman Sea. The results showed that at first, Cochlodinium polykrikoides appeared in the northeast part (T10) in the pre-monsoon season, then it spread to other parts of the study area. Cochlodinium polykrikoides was observed in greater abundance in the Strait of Hormuz in the post-monsoon season. The results demonstrated that T10 (transect 10) had the highest abundance in the pre-monsoon season. The Kruskal-Wallis test showed a significant difference among transects (P < 0.05). The present study showed that the abundance of Cochlodinium polykrikoides increased from coastal to offshore waters in the pre-monsoon season; however, in the post-monsoon season, there was a higher abundance in coastal waters compared to the offshore zone. It could be seen that the abundance of Cochlodinium polykrikoides started in offshore waters, then increased in coastal waters. During the pre-monsoon season, water discoloration was not observed, however, the water changed to brown from T1 to T4 (northwest) and blooms of Cochlodinium polykrikoides was recorded in the post-monsoon season.
Introduction


Cochlodinium polykrikoides is an unarmoured marine dinoflagellate species with spiral shape and variable size (30-40 µm in length and 20-30 µm in width). A reddish orange pigment body is located at the dorsal side of the epicone [1] . This species commonly occurs in warm-temperate and tropical waters [2] .
In Asian waters, this species was first observed in the Yatsushiro Sea, Japan in 1976 and coincided with huge economic damage. It also occurred in Japan and Korea in recent years. In addition, Cochlodinium polykrikoides was first detected in the Philippines in 2002 and then the coastal waters of Hong Kong and Sabah, Malaysia [3, 4] .
Cochlodinium polykrikoides has caused high mortality in marine organisms in many places, such as western Japan, the southern coasts of Korea, and the north of Persian Gulf [5, 6] .
Most algal blooms are harmless and actually benefit the aquaculture and wild fisheries. However, some of them influence the marine life under exceptional conditions and can kill fish and invertebrates [7] .
The aims of the present paper are to determine the temporal and seasonal variations of Cochlodinium polykrikoides in the north of Oman Sea during the preand post-monsoon season in 2008 from coastal to offshore zones.
Material and Methods
Study Area
The study was carried out in the north of the Oman Sea covering all Iranian waters from the Strait of Hormuz to Gwadar which include 10 transects (T1-T10, Fig. 1 ). Phytoplankton samples were collected during the pre-and post-monsoon season in 2008 along the coastal and offshore zones. 
Phytoplankton Sampling and Analysis
A Rosette sampler was used to collect phytoplankton samples. Three replicate samples (2 L each) were collected randomly from each site (T1-T10). One sample for each site was kept alive in a cool temperature for identification and another samples preserved in Lugol solution and sodium thiosulphate for counting. Nikon inverted and fluorescence microscope at 100 to 400 magnifications was used for identification. Cell counts were done using a Sedgewick-Rafter counting chamber and identified according to the morphological criteria given in taxonomic guides and descriptions in Refs. [8] [9] [10] [11] [12] [13] .
The total number of Cochlodinium polykrikoides cells present in 1 L of sample was calculated using the following formula (Eq. (1)):
where, N = total number of Cochlodinium 
Statistical Analysis
The t test was used to determine significant difference of cell abundance between two seasons. 
Results and Discussion
Identification
Cochlodinium polykrikoides was observed in April in the northeast of the Oman Sea (T10). Fig. 2 shows chains of Cochlodinium polykrikoides cells. Preservation with Lugol's solution did not produce good cells for observation because dark points were observed under microscope (Fig. 3a) , and Fig. 3b shows the deformation and gelatinous form of Cochlodinium polykricoides. It was observed that when Lugol's and thiosulphate were used for preservation, better cells for observation under light microscope were produced (Fig. 2) .
Spatial and Temporal Distribution of Cochlodinium polykrikoides
During the pre-monsoon season, the highest abundance was observed in T10 (transect 10) and decreased toward T1 (transect 1), while in the post-monsoon season, T1 showed the highest abundance compared to other transects (Fig. 4) .
During the pre-monsoon season, water discoloration was not observed, however, the water changed to brown from T1 to T4 and blooms of Cochlodinium polykrikoides was recorded in the post-monsoon season.
Cochlodinium polykrikoides was observed more in offshore waters in the pre-monsoon season (46.19%) and was lower in coastal waters (8.06%), while in the post-monsoon, coastal waters showed higher abundance (40.85%) (Fig. 5) . Statistical test showed no significant difference among zones (P > 0.05). The abundance of Cochlodinium polykrikoides gradually increased from offshore towards coastal waters.
The results showed that the abundance of Cochlodinium polykrikoides increased from the pre-monsoon (12.12%) to the post-monsoon season (88.88%) (Fig. 6 ). The t test showed a significant difference between the two seasons (P < 0.05). According to Fig. 7 , the highest abundance in the pre-monsoon was recorded in the eastern part (T10) in the offshore zone, but in the post-monsoon season, the abundance was greater in the coastal waters. During the post-monsoon season, Cochlodinium polykrikoides spread to other places, especially around T1 to T4 (western part). Spatially in the eastern part of Oman Sea, the abundance was greater in the offshore zone, while in the western region, there was a greater abundance in the coastal zone. The outbreak of Cochlodinium poykrikoides was firstly observed in offshore waters before spreading into the coastal Cochlodinium polykrikoides, which was first recorded in this study area, had been reported previously in many Asian countries such as Korea, Japan, Hong Kong, Philippine and Malaysia [15] [16] [17] [18] .
Fatemi et al. [19] mentioned that Cochlodinium polykrikoides bloomed in the Persian Gulf for the first time in September 2008. Hamzei et al. [20] also observed these species in September 2008 from the south of Oman Sea which spread to other areas of the Oman Sea, which include the Strait of Hormuz and the Persian Gulf. Oman Sea then stretched to other places. All the reported studies in this area observed discoloration of water and blooms in the region which coincided with a great deal of damage to the marine ecosystem and mortality of invertebrate organisms and fish. During the pre-monsoon period (April) of this current study, Cochlodinium polykrikoides occurred in low abundance without any water discoloration [21] . Based on the existing data and interpretation of MODIS (moderate-resolution imaging spectroradiometer) Aqua, satellite images mention that present Cochlodinium polykrikoides from Oman coasts in Arabian Sea and after moving toward the south of Oman Sea via marine flow of water by mesoscale eddies to the northern Sea of Oman and northern coasts of Strait of Hormuz are extended.
Conditions that favor bloom of harmful algae are important to be considered. On the west Florida coast, while Karenia mikimotoi blooms appeared to start offshore; they spread towards inshore during upwelling when favorable winds indicate that a new bloom will occur [22] . This correlates with study where Cochlodinium polykrikoides was firstly observed in offshore waters before spreading into coastal waters. Villarea and Magana [23] reported that between 1998-2000 in coastal Texas, Kareina brevies occurred in low density in offshore waters, but high density was observed in coastal waters which coincided with fish killing. It is common that higher phytoplankton abundance and blooms occurs towards coastal waters.
Conclusions
According to the findings of this study, management of coastal waters is very important because usually algal bloom occurred in this zone. This cause showed economic damage and effect on marine ecosystems, as well as other organisms. This in turn has effect on tourism and the health of people and society.
